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For more information, including our policy and submission procedure, please contact the Repository Team at: usir@salford.ac.uk. 23 Change of directions (COD) are commonly associated with non-contact anterior cruciate 24 ligament injuries in sport (Koga et al., 2010; Olsen, Myklebust, Engebretsen, & Bahr, 2004) . 25 Although the mechanisms of this injury are multifactorial ( COD biomechanics via the gold standard method of 3D motion analysis (Fox, Bonacci, 30 McLean, Spittle, & Saunders, 2015) is of great interest to researchers and practitioners to 1) 31 identify the potential mechanisms of injury; 2) identify biomechanical deficits; and 3) risk 32 stratify athletes (Hewett, 2017; Mok & Leow, 2016) . 33 Lower limb kinetics and kinematic variables including: peak knee abduction angle 34 (KAA), peak knee abduction moment (KAM), peak knee flexion angle, and peak vertical 35 ground reaction force (GRF) are commonly evaluated in athletic populations. These variables 36 have been reported in prospective research to be associated with ACL injury (Hewett et However, one issue in evaluating kinematic and kinetics via 3D motion analysis is the 52 method of analysing and obtaining discrete data from specific events (i.e. maximum or 53 minimum values during weight acceptance), and whether to obtain discrete data from the 54 peak of an average curve/profile or to average the individual trial peaks. Recently, Dames, 55 Smith, and Heise (2017) demonstrated angular velocity (p < 0.001, ES = 0.08-0.16, 1.1-2.2%) 56 and initial vertical GRF (p = 0.002, ES = 0.09, 0.9%) peak values from the average profile 57 were significantly lower compared to averaging trial peaks during walking gait (1.5 m/s). The The aims of this study were twofold: firstly, to compare lower limb kinematic and 72 kinetic variables during a sprint and 90° cutting task between two averaging methods of 73 obtaining discrete data (peak of average profile vs average of individual trial peaks); 74 secondly, to determine the effect of averaging methods on participant ranking of each 75 variable within a group. It was hypothesised that different values would be produced between 76 the two averaging methods; however, there would be minimal differences in the ranking of including pelvis, thigh, shank, and foot using Visual 3D software (C-motion, version 6.01.12, 117 Germantown, USA). This kinematic model was used to quantify the motion at the hip, knee, 118 and ankle joints using a Cardan angle sequence x-y-z (Suntay, 1983) . The local coordinate 119 system was defined at the proximal joint centre for each segment. The static trial position was designated as the participant's neutral (anatomical zero) alignment, and subsequent kinematic 121 and kinetic measures were related back to this position. Segmental inertial characteristics 122 were estimated for each participant (Dempster, 1955) . This model utilised a CODA pelvis 123 orientation (Bell, Brand, & Pedersen, 1989) to define the location of the hip joint centre. The (LOA: mean of the difference ± 1.96 standard deviations) were also calculated between 151 averaging methods using methods described by Bland and Altman (1986) . All data was 152 visually inspected using Bland-Altman plots to confirm homoscedasticity. Hedges' g effect 153 sizes were calculated as described previously (Hedges & Olkin, 1985) and interpreted using 154 Hopkins' (2002) scale. To assess whether averaging method impacted the ranking of players 155 for each dependent variable, Spearman's correlations coefficients were also calculated.
INTRODUCTION

156
Statistical significance was defined p ≤ 0.05 for all tests.
157
RESULTS
158
Mean ± SD are presented for all dependent variables between averaging methods in Table 1 . 159 All variables demonstrated high within-session reliability measures (ICC ≥ 0.863) and SEM 160 values ranged from 0.08-0.10 N/BW for GRF variables, 1.10-2.64° for joint angles, and 0.12-161 0.23 Nm/kg for joint moments (Table 1) .
162
Six of the 8 dependent variables (vertical and horizontal GRF, hip flexor, knee flexor, 163 and knee abduction moments, and knee abduction angle) were significantly greater when 164 expressed as an average of trial peaks compared to peak of average profiles, with trivial to 165 small effect sizes (g = 0.10-0.37) and mean percentage differences of 2.74-10.40% (Table 1) , 166 respectively. Although a statistical, significant difference was observed in peak hip flexion 167 angle between the two averaging methods, effect sizes (g = 0.04) and percentage differences 168 (0.9%) indicated a trivial and minimal difference (Table 1) . Similarly, a non-significant, trivial, and minimal percentage difference (p = 0.279, g = 0.01, 0.09%) was observed in peak 170 knee flexion angle between averaging methods (Table 1) . Very strong correlations (ρ ≥ 0.901, 171 p < 0.001) were observed for rankings of participants between averaging methods for all 172 dependent variables (Table 2) . (p < 0.001, ES = 0.08-0.16, 1.1-2.2%) and GRF (p = 0.002, ES = 0.09, 0.9%) data during 184 walking gait (1.5 m/s), based on peak of average profile data. Interestingly, the averaging 185 method had a trivial and minimal effect on sagittal plane joint angles (hip and knee flexion) 186 (Table 1) . Additionally, very strong correlations were observed for participant ranking 187 between averaging methods for all dependent variables (Table 2) , indicating an athlete will 188 most likely achieve the same ranking in a cohort of athletes, irrespective of the averaging 189 method used. present study for GRF, joint moment, and KAA (Table 1) between averaging methods will be minimal, evident by the minimal differences observed for 197 peak hip and knee flexion angles in the present study (Table 1) . Nevertheless, when the 198 individual trials are normalised to produce an average profile, the peak value from these 199 curves were on average 2.74-10.40% lower for GRF, joint moment, and KAA variables. The In contrast to Dames et al. (2017) , that found greater magnitudes of differences for 209 kinematic (angular velocities) data than kinetic (GRF) data between averaging methods, the 210 present study found the largest effect sizes between averaging methods were present for GRF 211 data (Table 1, Figure 2 ). These opposing findings could be explained by Dames et al. (2017) 212 investigating walking gait which is lower in velocity compared to the present study and thus, 213 associated with lower GRF's, particularly horizontally. Additionally, cutting is a more 214 complex manoeuvre than walking, whereby the addition of higher entry velocity most likely 215 results in slightly different movements strategies at impact between trials, thus resulting in temporal misalignments in peak GRF (Figure 2 ). Finally, it should be acknowledged that 217 joint angular velocities were the only kinematic variables examined by Dames et al. (2017) , 218 whereas the present study examined peak joint angles over weight acceptance during cutting, 219 whereby sagittal plane joint angles hip and knee flexion demonstrated consistent temporal 220 alignments, thus minimal differences.
221
Caution is advised when using pre-defined thresholds in order to identify potentially for that athlete. However, it is worth noting that very strong relationships were observed for 230 participant ranking between averaging methods for all dependent variables (Table 2) , 231 indicating an athlete will most likely achieve the same ranking in a cohort of athletes, 232 irrespective of the averaging method used.
233
It is also worth acknowledging that standard deviations (variation) observed for 234 kinetic and kinetic variables (Table 1) In conclusion, the averaging method to obtain discrete data results in subtle 252 differences in values produced, with the peak from the average profile demonstrating lower 253 GRF, joint moment, and KAA values during cutting. Consequently, researchers and 254 practitioners are recommended to obtain discrete data based on an average of trial peaks 255 because it is not influenced by misalignments and variations in trial peak locations, in 256 contrast to the peak from average profile. However, with the respect to participant ranking, 257 minimal differences are present between averaging methods. Researchers and practitioners 258 are also recommended to standardise the averaging method when longitudinally monitoring 259 changes in COD biomechanics for screening and clinical purposes or making group 260 comparisons. Moreover, when publishing research, it is advocated that researchers clearly 261 state the averaging method implemented to facilitate methodological replication. 
